Abstract: Tall buildings present some specific aspects influencing the modeling and response to seismic loads. Therefore, the design rules recommended in codes, calibrated for low and medium rise buildings, are not appropriate for design of tall buildings. Other rules are needed, and performance based design represents a viable alternative for tall buildings. In this paper a methodology for the design of tall structures is proposed and it is illustrated trough a case study for a structure with perimeter tube and interior core walls, which aims to identify the particularities regarding the design, behavior and the parameters that define the post elastic behavior at the global and local level, for this structures.
Introduction
Seismic design of tall buildings requires a relatively different approach than medium and low rise buildings. Simple extrapolation of methods and principles recommended in codes, calibrated for low rise structures is inappropriate and leads to irrational solutions from both the economic and architectural point of view. In this paper a methodology is proposed for seismic design of a tall reinforced concrete building illustrated by a case study for a structure with perimeter tube and interior core walls. This case study aims to identify the particularities regarding the design and behavior for this type of structures and also to present possible difficulties encountered in the design process. The behavior in the inelastic range represents a central concept in current buildings design philosophy. Therefore primarily the parameters that define the postelastic behavior at the global and local level will be monitored by performing nonlinear dynamic analysis for the chosen structure. It is also intended to control the cinematic plastic hinge mechanism based on the capacity design method and to provide enough resistance and ductility for the central core walls and the exterior rigid frames. In the last decades the seismic design of tall reinforced concrete buildings has undergone an extensive development in countries like the United States, China, Japan and the United Arab Emirates. In the U.S.A a few important research projects were conducted by the Pacific Earthquake Engineering Research [1] in association with Berkeley University of California. Therefore design guidelines were developed for tall buildings that contain recommendations regarding overall conformation, design methods, seismic actions modelling and acceptance criteria for reinforced concrete tall buildings. Another set of guidelines were elaborated by the Applied Techonlogy Council (ATC) in collaboration with the Pacific Earthquake Research Center [2] , [3] . This papers contain recommendation regarding the numerical modelling of tall structures (reinforced concrete elements plasticity, viscous damping, P- effects) Besides the large research projects, a growing interest regarding the modelling and seismic design of tall reinforced buildings is found in world wide academic areas. These studies are usually ilustrated through case studies using the finite elemet method analysis for modelling nonlinear behaviour of tall reinforced concrete structures [4] or seismic peformance assessments for hybrid central core -perimetral rigid frame structures [5] . Tall buildings are complex dynamic systems and seismic design requires the use of advanced analysis methods such as nonlinear response history analysis (NRHA). In the Journal "The Structural Design of Tall and Special Buildings numerous articles " are presented about the conditions for the use of this method [6] , [7] , [8] in case of tall buildings. In this journal issues about seismic input, number and types of accelereograms considered and the soil -structure interaction are also presented [9] .
Numeric model description

Structure description and preliminary design
For the numeric experiment, was chosen a structure with a two way symmetric floor plan (45x 45 m), a total height of 56 story (196 m) and a story height of 3,5 m, resulting a height to length ratio with a value of 4,4. The structural system used is the perimeter tube and interior core walls with a square core wall (12x12 m) and closely spaced rigid frames with a beam span of 3 m. Between the central core and the perimetral frames, gravitational frames are placed. In figure 1 a typical floor plan is presented and in figure 2 an axonometric view of the building is shown. Materials used are S 500 class C for reinforcement steel and C60/75 for concrete. In the preliminary design stage, the principles of the capacity design method and the rules imposed in the latest Romanian seismic codes are respected (P100-1/2013 [10] , CR2-1-1.1:2013 [11] ). Moreover, at this stage a seismic force reduction factor of 4 was used. Elemet sections and reinforcement ratios obtained by using the modal spectral method are presented in tables 1,2 and 3. 
Nonlinearmodel description
For the evaluation of element capacity expected properties of materials was considered. Moreover, for concrete confinement in column and wall extremities the model proposed by Cusson and Paultre [12] was used, being model calibrated for high strength concrete. For the reinforcement steel, the bilinear model without consolidation was considered. Inelastic behavior of beams and columns was defined using Clough model, with an isotropic hysteretic model. For central core walls, inelasticity was considered using the "sandwich model" by dividing the wall section in 5 layers (2 for concrete cover, 2 for longitudinal reinforcement and 1 for concrete core) without the explicit definition of horizontal reinforcement which is supposed to behave elastic. 
Dynamic analysis results
Given the fact that 5 accelerograms were used, in most guidelines consideration of the maxim response is recommended (FEMA 356 [13] , Eurocod 8 [14] ). The nonlinear dynamic analysis emphasizes the initiation of the cinematic mechanism only for accelerograms Kobe Tak 95, Northrige 95 and Kozani 95. In this subchapter, the response history is presented for significant response quantities resulted from nonlinear analysis and comparisons with results from response spectrum analysis. In figure 5 the displacement of the elastic system is multiplied with q while other response quantities have resulted from models with reduced lateral forces. Shear forces in perimeter frame beams resulted from nonlinear dynamic analysis have values between 1300-1500 KN, less than capacity corresponding to reinforcement determined from preliminary design (2032 KN for a transversal reinforcement ratio of 0,63%). Admissible plastic hinge rotations were determined using the analytical model from Eurocode 8 part III [14] with equation: 
Conclusions
Results of nonlinear dynamic analysis for the chosen structure show that values of story drifts, plastic hinge rotations and shear forces are lower than the acceptable limits and theoretically we could decrease the quantity of reinforcement. But we must take into consideration that design resistance was used in the preliminary design of the elements and the safety limits should be evaluated more exactly. Also, the plastic hinge rotation limits for the structural elements are low due to the use of high strength concrete and reduced slenderness of the elements.
The reduction of the element sections is difficult because it is obtained by limiting axial and shear stress. We also need to ensure effectiveness of the perimetral tube, thing that requires the use of very stiff elements.
Another aspect revealed by the nonlinear dynamic analysis is represented by large amplitudes of tension and compression axial forces in the exterior frame corner columns. This fact is emphasized by the shear lag effect, a phenomenon distinctive for tubular structures. Therefore in the corner columns the occurrence of plastic hinge rotation for all floors is observed. These drawbacks can be limited by using beams with high stiffness in perimetral tube. We can also significantly improve the behavior of this structures by using additional systems composed from the perimetral wall or truss belts connected by very high beams with central core, referred to in literature as "outrigger and belt" [15] , [16] .
